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(54) ZIRCONIA-BASED SINTERED COMPACT 

(57)Abstract: 

PURPOSE: To obtain a zirconia-based sintered compact capable of preventing the strength in a 
specific temperature region of 200-300°C from deteriorating with time even when used in an 
atmosphere containing moisture present therein. 

CONSTITUTION: This zirconia-based sintered compact contains at least a tetragonal zirconia 
crystal. The half-width of peaks for the (101) face of the tetragonal zirconia crystal on the sintered 
compact surface obtained by the X-ray diffractometric measurement using CuKa radiation is >0.3°. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2. * * * * shows the word which can not be translated. 
3 Jn the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The nature sintered compact of a zirconia characterized by being the nature sintered compact of a 
zirconia which contains a tetragonal zirconia crystal at least, and the full width at half maximum of the field 
(101) of the tetragonal zirconia crystal by the X diffraction measurement using the CuK alpha rays on this front 
face of a sintered compact being 0.3 degrees or more. 



[Translation done.] 
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* NOTICES * 
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damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s h ows wor( j w hich can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the nature sintered compact of a zirconia which fits an oxygen 
sensor, a fuel cell, the member for living bodies (implant), the components for industrial machines, etc. about 
the nature sintered compact of a zirconia which was made to increase a mechanical strength and raised thermal 
stability. 
[0002] 

[Description of the Prior Art] The former and Zr02-Y2 03 The nature sintered compact of a zirconia of a 
system is known, the nature sintered compact of a full stabilization zirconia which consists only of a cubic, and 
the nature sintered compact of partially stabilized zirconia which consists of a cubic and a monoclinic system 
are known as a nature sintered compact of a zirconia of this system, and all are used as a heat-resisting material 
etc. 

[0003] However, although the nature sintered compact of a full stabilization zirconia is stable in the temperature 
requirement from ordinary temperature to about 1500 degrees C and there is also almost no degradation with 
the passage of time by long duration use, since reinforcement was low, there was a fault of being very easy to 
damage by the thermal shock. 

[0004] The nature sintered compact of partially stabilized zirconia which consists of a cubic and a monoclinic 
system on the other hand, the case where reinforcement was large as compared with the nature sintered compact 
of a full stabilization zirconia, degradation of the reinforcement in the specific temperature region of 200 
degrees C thru/or 300 degrees C with the passage of time was very large although thermal shock nature was 
also good, and long duration use is carried out at this temperature a crack detailed, on a porcelain front face - 
a large number ~ generating - absorptivity -- being shown -- coming - remarkable -- reinforcement -- falling - 
just - being alike ~ there was a serious fault of damaging. 

[0005] What was indicated by JP,4-63024,B is known as what prevented degradation in the specific temperature 
field (200 degrees C thru/or 300 degrees C) of such a nature sintered compact of partially stabilized zirconia 
with the passage of time. The nature sintered compact of a zirconia indicated by this official report is Zr02-Y2 
03. It sets to system zirconia ceramics and they are Y2 03 / Zr02. The phase transformation to the monoclinic 
system of ****** i s controlled by making a mole ratio into a specific value and making average crystal particle 
diameter below into a specific value. 
[0006] 

[Problem(s) to be Solved by the Invention] However, when the nature sintered compact of a zirconia indicated 
by JP,4-63024,B had also been arranged under the ambient atmosphere which is 200-300 degrees C in which 
moisture exists, the phase transformation to a monoclinic system [******] advanced remarkably, strong 
degradation with the passage of time arose in the specific temperature field which is 200-300 degrees C, and it 
had the problem that thermal stability was still low. 
[0007] 

[Means for Solving the Problem] this invention person etc. resulted in a header and this invention that strong 
degradation with the passage of time could be prevented, and thermal stability could be improved even when it 
has arranged under the ambient atmosphere which is 200-300 degrees C in which moisture exists when the full 
width at half maximum of the field (101) of the tetragonal zirconia crystal by the X diffraction measurement 
using the CuK alpha rays on the front face of a sintered compact is 0.3 degrees or more, as a result of inquiring 
wholeheartedly in view of the above-mentioned trouble. 

h c g eg b eb eg e e 



Page 2 of 4 



[0008] That is, the full width at half maximum of the field (101) of the tetragonal zirconia crystal by the X 
diffraction measurement for which the nature sintered compact of a zirconia of this invention used CuK alpha 
rays is 0.3 degrees or more. 

[0009] Here, half- value width measured the X diffraction reinforcement on the front face of a sintered compact 
using the CuK alpha rays monochrome-ized as the graphite crystal with the powder X diffraction measurement 
machine on 0.5 degree [ of divergent slits ], 0.5 degree [ of scattering slits ], and light-receiving slit 0.15mm 
conditions. It carried out to measurement using the step scanning in the step size of 0.02 degrees, and gate time 
2 seconds in each step. ******, the cubic, and the rhombohedral phase were separated for the data on the 
strength obtained by this measurement by the pattern fitting method (the lied belt method) or the pattern part 
solution method, and the diffraction line breadth of the height of the one half of the peak of a tetragonal (101) 
side (indexing based on a space group P42 / tetragonal body-centered lattice of nmc) was measured. In addition, 
in the X diffraction measurement using CuK alpha rays, the peak of a tetragonal (101) side appears at 2theta=30 
degree. 

[0010] Having made the full width at half maximum of the field (101) of the tetragonal zirconia crystal by the X 
diffraction measurement using the CuK alpha rays on the front face of a sintered compact into 0.3 degrees or 
more has the small depressor effect of the phase transformation to a monoclinic system [****** ] 9 when half- 
value width is smaller than 0.3 degrees, and it is because degradation of the reinforcement in the specific 
temperature field to which moisture exists and which is 200-300 degrees C with the passage of time becomes 
large. 

[001 1] Thus, it is in order to make the full width at half maximum of the field (101) of the tetragonal zirconia 
crystal by the X diffraction measurement on the front face of a sintered compact into 0.3 degrees or more, 
Although a sintered compact front face can be attained grinding and by polishing using a metal bonded grinding 
wheel, a resin bond grinding stone, a diamond wheel, corundum abrasive cloth, etc., especially in this invention, 
the full width at half maximum of the field (101) of a tetragonal zirconia crystal can be made into 0.3 degrees or 
more by using a metal bonded grinding wheel, a resin bond grinding stone, etc. of less than No. 100. It is 
desirable to use the grinding stone and abrasive cloth of less than No. 40 especially. 
[0012] 

[Function] The nature sintered compact of a zirconia of this invention is that the full width at half maximum of 
the field (101) of the tetragonal zirconia crystal by the X diffraction measurement on the front face of a sintered 
compact considers as 0.3 degrees or more, Even when it has arranged for a long time under the ambient 
atmosphere which is 200-300 degrees C in which moisture exists, the phase transformation to a monoclinic 
system [******] can be controlled, the volume change by the phase transformation can be reduced more, 
strong degradation with the passage of time can be prevented, and the thermal stability under the ambient 
atmosphere in which moisture exists can be improved. 
[0013] 

[Example] Y2 03 created with the coprecipitation method three-mol % - included Zr02 powder - 2 ton/cm2 
Press forming was carried out, it calcinated at 1400 degrees C for 2 hours, and the sintered compact was 
obtained, the bulk density of a sintered compact - 6.05 g/cm3 it was . 

[0014] As a result of observing a sintered compact front face with a scanning electron microscope (SEM), mean 
particle diameter was 0.38 micrometers. 

[0015] And the sample 4 ground with the corundum abrasive cloth of the sample of No. 3 or 40 ground with the 
corundum abrasive cloth of the sample of No. 2,100 polished by the diamond wheel of the sample of No. 1,220 
which grinds and roasts a sintered compact front face with the diamond wheel of No. 220, the corundum 
abrasive cloth of No. 100, and the corundum abrasive cloth of No. 40, and has a field was obtained. 
[0016] Then, the X diffraction reinforcement on the front face of a sample was measured using the CuK alpha 
rays monochrome-ized as the graphite crystal with the powder X-ray diffractometer on 0.5 degree [ of divergent 
slits ], 0.5 degree [ of scattering slits ], and light-receiving slit 0.15mm conditions. It carried out to measurement 
using the step scanning in the step size of 0.02 degrees, and gate time 2 seconds in each step. Structural analysis 
was performed for the data on the strength obtained by this measurement by the lied belt method (27 the Izumi 
Fuji husband, the Crystallographic Society of Japan, and 23 (1985)). The sample 1 analyzed two phases of 
****** and a cubic, and samples 2-4 as what consists of a three phase circuit of ******, a cubic, and a 
rhombohedral phase. The half-value width of the tetragonal (101) side searched for from this result is shown in 
Table 1 . 

h c g eg b eb eg e e 



Page 3 of 4 



[0017] 
Table 11 




(«) 


* i 


0. 13 


* 2 


0.20 


3 


0.30 


4 


0.35 



[0018] Moreover, after putting the monoclinic system volume rate Xm (%) after carrying out steam heat 
treatment each sample predetermined time to 200-degree C saturated steam in the hermetic container made from 
Teflon, CuKalpha X diffraction measurement on the front face of a sample was performed, and it asked by {Im 
(-1 1 1)+Im(l 1 l)}/{Im(-l 1 1)+Im(l 1 l)+It+c(101)} xlOO. This result is shown in Table 2. 



[0019] 
Table 2) 


1**4 




#^ 


MI 
0 


minim 

6 iNrM 


161$ fffl 


mm® 

192 3$ HA 


* 1 


0.0 


86.6 


87.0 


88.1 


* 2 


0.9 


77.3 


79.2 


80.0 


3 


1.9 


58.5 


72.1 


72.2 


4 


2.4 


40.4 


69.0 


68.5 



[0020] Here, it is the peak height of m:monoclinic system, t:******, cxubic, and Ireach lattice plane reflection. 
[0021] By these Table 1 and 2, the monoclinic system amount of the increment rate of a monoclinic system 
[ field / where half- value width is bigger ] which is late and is finally produced has also decreased. Especially 
about the sample 3 polished with the corundum abrasive cloth which is No. 100 whose half-value width is 0.30 
degrees and the sample 4 polished with the corundum abrasive cloth which is No. 40 whose half-value width is 
0.35 degrees, it turns out that a monoclinic system increment rate is smaller than the sample 2 which carried out 
grinding by the diamond wheel which is No. 220 whose half-value width is 0.20 degrees. 
[0022] Furthermore, it asked for residual stress (sigma) using the CrKalpha X-ray of each sample. This residual 
stress changed the include angle (psi) which a sample side normal and a measurement lattice plane normal make 
in 0-45 degrees, measured the cubic (313) Bragg angle (theta), and searched for it by Ecot thetaO / formula 
sigma--{2(l+nu)} - (delta2 theta/delta sin 2 psi). Here, it is E:Young's modulus, nu:Poisson's ratio, and theta 0. 
: The Bragg angle in unloaded condition, and delta2 theta/delta sin 2 psi:2 theta-sin 2 It is the inclination for 
which it asked from psi plot. This result is shown in Table 3. 
[0023] 



ITable 31 


8*4 




#^ 


(HPa) 


* 1 


-13 ±8 


* 2 


-39 ±28 


3 


-120 ±67 


4 


-402 ±85 
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[0024] It is shown that it is compressive stress that residual stress is a negative value here. The thing with the 
large error of the residual stress of samples 2-4 is because it is changing in the depth direction. If it restricts near 
the front face, it will be thought that compressive stress is still larger than the value of a table. 
[0025] The field where half- value width is bigger than this table 3 is known by that residual stress is large. 
[0026] in addition ~ the above-mentioned example - Y2 03 three-mol % ~ included Zr02 although the 
example using the nature sintered compact of a zirconia which calcinated powder at 1400 degrees C was 
explained ~ this invention, not the thing limited to the above-mentioned example but Dy 203 2.5-mol % - 
Zr02 to contain the nature sintered compact of a zirconia which calcinated powder at 1400 degrees C - you 
may be - rare earth elements ~ 2-7-mol % ~ what is necessary is just the nature sintered compact of a zirconia 
made to dissolve 
[0027] 

[Effect of the Invention] In this invention, the full width at half maximum of the field (101) of the tetragonal 
zirconia crystal by the X diffraction measurement which used the CuK alpha rays on the front face of a sintered 
compact is made into 0.3 degrees or more, Even when it has arranged for a long time under the ambient 
atmosphere which is 200-300 degrees C in which moisture exists, the phase transformation to a monoclinic 
system [******] can be controlled, the volume change by the phase transformation can be reduced more, 
strong degradation with the passage of time can be prevented, and the thermal stability under the ambient ' 
atmosphere in which moisture exists can be improved. 

[0028] conventional Y2 03 [ by this ] three-mol % - the thermal stability under the ambient atmosphere in 
which moisture exists the nature sintered compact of a zirconia which causes a phase transformation under an 
environment like underwater 200-300 degrees C by enlarging half-value width can be improved like the nature 
sintered compact of a zirconia to contain, and it can be equal to prolonged use also under an environment which 
is 200-300 degrees C in which moisture exists. 



[Translation done.] 
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